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ABSTRACT

Automatlzatlon of satelhte detectlon m the SPASUR system

symmetry of a typi*caill si@:nal due to a satelhte pass

Th1s report descnbes the developedx ree o gniti ion system,

Symmetry responses were generated on 1
may have beén due t6 remote, uUnv
5 “try response was g1ven to 33 ver

SPASUR comb fllter sw1tchmg act1on Of the rema 1ng 51gna1s
25 were below the age nolse level and> could not be f;med for

rap1d 51gna1 .fl.uctuatlonsr

It is concluded that recent de 51 gn advances m the SPASUR

processmg

PROBLEM STATUS

This report completes this phase of the problem. Work on
other phases of thé problem continues.
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SYMMETRY PATTERN RECOGNITION SYSTEM II

BACKGROUND

atmosphere or the 1onosphere, whet'e‘r natural or art1f101a1 SPASUR satellite-bounce
51gna1s are presented in two forms: a set of phase signals répresenting the space angle

signal is received, and automatic gain control (agc) signals pro=
portlonal to the amplitudes of the 51gnals received in the phase measufing system.

‘The phase channel sigials are ¢ach characterized by rand
any ¢oherent signal, the amplitude of which Feduces to ess y a de¢ signal value during
a satellite passage. Since space angles are to be automatically computed in real time
irom these de values, supplementary means aré nécessary to validate the preseiice of
51gna.ls of mterest The quletmg of the phase channels 1s one means whlch could be used

noise in the dabsence of

of a satelhte pass. The measurement of phase :

applied as a Jturther a1d _m the rec_ogmtlon of satelllte-type 51gnals. Informatmn on f.re-'
quency shift dué to doppler is available in the SPASUR alert system as a by<product of
the comb-filter operation,

The analys1s of the agc s1gna1 offers a posmve correlatmn factor m the 1dent1f1cat1on

li re agc s1gnatures revea.ls a symmetr al contour approx1mat1ng the - cosme squared
pulse or sin x/x form. Nonsatellite signals have nonsinusoidal patterns in mest instances;
thus offering the opportunity for discriminating between the desired and undesired signals.
Some of the possible approaches to the recognition of these patterns include the analysis
of the signals’ harmonic contents, the normalization of amplitude and duration, and tests

for symmetry. This report concerns the development of a symmetry recogmtlon system
acting upon the SPASUR agc signal.

Although amplitude-vs-time recordings of agc signals due to satellite passes are
basically symmetrical en each side of a line drawn perpendlcular to the time axis through
the peak, as in Fig, 1(a), a number of signal variables influence the design of a system to
carry out automatic recegnition. Perturbations of the signal will be caused by rotation
of the satellite, modulating the reflected signal when resonant antenna elements or specu-
lar surfaces cause reinforcement or cancellation. Faraday rotation effects may produce
variations in the polarization plane, These factors may distort the satellite signature as
in Figs. 1(b) and (c). In Fig. 1(d), reflections from meteor trails can distort the symmetry
of a satellite -echo, although such eccurrences are relatively infrequent. Reflections from
aircraft over the transmltter may produce 51gnatures havmg one or more lobes, each

recogmtmn system should be able to accommodate these responses to the degree that a

material reduction can be effected in the nonsatellite signals which need be processed by
the data link and the computer.
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Pattern recognition is one method considered for use in identifying a satellite signal
at the receiver. Other methods applicable at the central processor include the use of tri=
angulation, the measurément of doppler shift and space angle, and the correlation with
orbltal elements of known satelhtes. Each contributes to a combined measure of probabil-

s1gna1 storage is requlred Magnetlc recordmg was f1rst cons1dered but the frequenc1es
of interest may be as low as 0.1 cps, well below the direct- recordmg low-frequency limit
of about 30 cps. By using the signal to frequency-modulate a suitable carrier, record-
ings can be made from d¢ up to at least 10 percent of the carrier frequency. A more
serious problem is the need for a means of rapidly and repetitively seanning the stored
waveform simultaneously both forward and backward in time, starting at the midpoint of
he recording. The scanner outputs would then be followed by the symmetry recognition
c1rcu1try. This would require considerable mechanical development work to provide
properly synchronized contrarotating reproducer heads. Mechanical wear of both the
tape recording media and the recorder scanning mechanism would be appreciable, since
continuous operation is necessary.
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An all-electronic system, to avoid the mechanical problems of a magnetic tape
recorder, is feasible in either the digital or analog form. A study of 1 tl}e range of satellite
responsé signal values indicates a nominal duration of from 0.2 second to 5 seconds and
an amplitude range representing 40 db of age. Figure 2 represents a characteristic satel-
lite response stored in a 100-elemen. delay ' ‘actica imum: number of discrete
periods to be examined for amphtude Symmetry over eac’h‘ half of a0.2=sec signal is
approximately five. By extending the éxamination period to about two seconds, while
retaining this same resolution; both the shortest and a mgmﬁcant portion of the longer
signals can be included in one recognition system which stores 100 contiguous 0.02-sec
quantizations. of the input.

PO|NT OF
' INSERTION'
(T=0)

.‘_"QUQNT_QED‘ AGOLEVEL ——

Fig. 2 - Characteristic satellite response
stored in 100-element delay line

A digital system to accomplish this could be arranged as in Fig. 3. An analog-to-
digital converter (ADCON) having a minimum resolution of eight binary digital bits, and
possibly as many as ten bits, provides a continuous conversion of an agc channel. The
eight ADCON bits are connected to a magnetic drum, or an electronically rotating store,
by way of a like number of gates which are controlled by a programmer: The store would
contain & minimum of 100 e1ght =bit words and would be caused to rotate with respect to
the readm/ readout point at a rate of 50 rps as determined by the clock-driven programmer.
Under these condltlons the clock rate would be 5 kc. Extendmg the stora.ge to 10 seconds
and t,he clock ra_t.e to 10 ke, R,equ;,rmg the store to rotate once for each new word m_se,r,ted
permits the insertion point to be arbitrarily located. The programmer then times the
insertion of each new word into the store so that at the “read” output the even-numbered
sequence of words will be scanned “forward” or “clockwise” in time, while the odd sequence
is scanned “backward” or “counterclockwise,” Upon readout, successive pairs of words
are subtracted digitally, and the magnitude of the remainder represents the degree of
asymmetry. At this point, a simple threshoeld decision based upon the absence of any binary
digit greater than some predetérmined value 2k, where 0 > k > n would give a measure of
the symmetry. This operation is continued, examm_l,ng every word pair in the store for
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Fig. 3 - Symmeétry Recognition
Systemn, digital ethod

every complete store rotation. A counter, advancing once for each positive indi¢ation of
symmetry, provides an rated measure 6f the degree of symmetry over the entire
scan (one rotation of the store); at the end of which the accumulated count is read out and
the counter is reset to zero,

An analog system, based upon the block d1agram m F1g : 4 ‘was chosen for develop-

A qu: n
1cally rotatmg d1g1ta1 store bemg replaced by a delay lme capable of stormg a real-time
advancmg serles of dc analog s1gna.l values, all of whlch are contmuously avallable for

an electromca.lly rotatmg d1g1ta1 store, the avallablhty of analo storage and gatmg de51gns,t
and the flexibility, resolutlon, and economy of analog functio ming techniques, dictated
the choice of analog methods for the developmental model. Onceé such factors as the opti=
mum length and resolution of a delay line, the character of the signal processing, and the
nature of the threshold controls have been éstablished through extended in-service experi-
ence, a corresponding digital system specification could be prepared. Where thé numbeér

of analog stores (equivalent to words in the digital system) exceeds 100 by an appreciable
amount, the virtually linear increase in costs and size of the analog system begin to sur-
pass the more nearly fixed costs of the digital ADCON, rotating stere, and programmer,

‘Whether analog or digital methods are chosen, several oceurrences not asseciated
with a satellite pass may cont:ibute to a level of symmetry indication which would also be
present w1th the trans1t of a true satelhte. The normal background level m the delay line
response to thls condltmn is suppressed by an 1nterna1 scanner threshold and also by the
SPASUR comb-ﬁlter system threshold gate whlch permlts an alert pulse to be generated
mtroduced into the rf portmn of the SPASUR system. These are detected as square waves
which are symmetrlcal but since they are predictable, a response to these events can be
inhibited, Step-function shifts in the dc level of the agc lines can occur with manual sys-
tem adjustments, or variables in the performance of the electronics, Level-correcting
techniques are incorporated to normalize the agc signals against mest anomalies which
may be encountered. The remaining nonsatellite signals which occasionally show sym-
metry are lightning discharges, overdense meteor tralls, and responses. from the moon,,
sun, and radio stars.
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Fig. 4 - Symmetry Reeognition
Systéin, analog method

Time threshelds are useful in reducing the number of résponses to nonsatellite
sourcés, Requiring the SPASUR Alert s1gnal to persist for 0.2 second before enabling
the symmetry threshold output to transmit a recognition pulse perimits the exclusion of
shorter meteor and random-noise symmetry responses without losing satellite responses;
since satellite signals normally exceed this lower limit.

ANALOG TECHNIQUE APPROACH

Based largely upon the scanning and storage techniques described in Ref. 1, the
Symmetry Recognition System configuration shown in Fig. 5 was proposed. The SPASUR
Alert a.gc, whlch 1s der1ved from the comb-fﬂter channels, is chosen m preference to the

more of the rise and fall tlmes of the mgnal espec1a11y the cr1t1cal short-duratmn s1g-
nals in the vicinity of 0.2 second. Early samples of the phase channel agc showed con-
siderable amplitude distortion due to the rapid random switching action of the comb filter,
This signal is fed to the poles of 100 mercury-wetted contact relays, chosen because of
their 2-ms operating speed and their excellent contact reliability under “diry-circuit®
conditions. Each relay output contact is connected to a low-less 0.1-mfd storage capaci-
tor so that when the relay is pulsed, the capacitor will be charged to the value of the agc
appearing on the pole at that instant, By sequentially pulsing each relay at 20-ms inter-
vals, a 2-sec record of the signal is stored as 100 quantized levels. The potential at each
capacitor is measured by a low-grid-current cathode follower, permitting each of the
capacitors to be measured without disturbing the stored values. During the capacitor
charging period, the associated cathode follower is mcluded within the feedback loep of
the insertion driver amplifier in order to correct for its bias and gain errors.

Electronic switches are programmed to sample pairs of cathode foHowers, beginning
each cycle with those followers connected to capacitors 49 and 50, Capacitor number 1
represents the capacitor storing the most recent agc value, and number 100 represents
the value two seconds into the past. After 200 microseconds, capacitors 49 and 50 are
switched off and the next pair, 48 and 51, are activated for a like period. Centinuing in
this manner for 50 operations over a 10-ms period brings the two scanners to the outputs
of numbers 1 and 100, respectively, thus completing one scan of the stored signal. The
outputs of these two gates become inputs to a comparator, which will give a standardized
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per1od each of the two mputs must exceed an ad]ustable ninimum threshold in- order to
OF - to operate. At the comparator output there is a seriés of pulses

, 10-ms petiod only when a symmetrical signal exceed ing the Scanner thresholds
is located with its axis of symietry at the center of the delay line: These pulses, when
averaged, represent a time-varying measure of the degree of symmetry.

A threshold applied to the comparator output ¢an be made to operate at a predeter-
mined level of symmetry for all signals. It is evident that with a typical satellite signal
the measure of Symmetry would pass through a shafp maximum Since the axis of symmetry
coincides with the ceiiter of the delay line. This suggests that the ceiter of the signal can
be accurately determined by d1fferent1at1on, thereby definiig the point where the slope of
the signal waveform reverses sign. The “siope reversal” will always occur 1 second
(onie-half of the length of the delay line) after its occurrence in real time regardless of
the length of the signal; even if it extends out to 10 seconds. When the decision threshold
is applied to the slope-reversal output instead of the undifferentiated comparator output,

a further benefit is possible since some nonsatellite signals may possess gonsiderable
symmetry but will not follow the rapid slope-réversal characteristic of all satellite
responses.

The syminetfy decision is rendered as a normalized pulse or contact closure for a
nominal period of 150 milliseconds.

SYSTEM DESIGN

oviding + L
oscrlloscope p: 'd 1ts mput control panel below prov1de rap1d access to the prlmary Wave-
forms to facilitate checking adjustments and other operating conditions. The delay line
control chassis ¢arries the amplifiers, mu! brators, nd loglc for the 1nsert10n and
readout of signals stored m the delay hne.

lec: 1 T Beam-X (BX) magnetlc beam counters
and the scanner dlode ix whlch tlme all readl‘ readout functions asseciated with the
operation of the delay liz The large chassis at the bottom contains the signal insertion
relays and their assoclated driver loglc, the ¢apagitors, constituting the delay line stores,
and the associated readout cathode followers. A rear view of this cabinet is shown in

Fig, 6(b), where the preamplifier and the relay drive logic matrix are located along with
the remaining power supplies. ) ‘

Figure 7 shows some of the construction techniques employed in the Symmetry
Recognition System H., Typical of the process and delay line control chassis is the “card”
mounting shown in detail in Fig. 7(a)., Each circuit is mounted eon a prepunched terminal
beard, which in turn is supported on an aluminum plate. Active heat-producing transistors
and vacuum tubes are fastened directly to the plate, which serves as a heat sink and affords
shielding when mounted adjacent to other similar circuitry. Folded tabs on each end of
the plate support a connector plug and provide a withdrawal handle. Thirteen assembled
plates or cards can be inserted in a 3-1/2~in. standard rack width chassis containing
matching slide-in channels. The chassis provides electrical and thermal paths for shield-
ing and heat removal. Adequate space is available for components and wiring external to
the c1rcu1t cards F1gure 7(b) shows two examples of subm1n1ature vacuum tube circuits,
hlgh-gam dc amphﬁer c1rcu1ts. Mercury-wetted relays have also been card mounted in
two. forms, shown-in Fig. 7(d).
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Fig. 6 - Symmetry Recognition System I equipment: (a) front view, (b) rear view
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Fig. 7 - Some construction details of the
rack-mounted Symmetry Reeognition
System II: (a)chassis construction show=
ing circuit plug-in cards. An extension
card permits servicing a circuit card
while in use;(b) ¢ircuit card construction
details showing four capacitor store
cathode-followers above, and the inhibit
and insert units for the 99-count and
101-count logic below; (¢} circuit card
construction detajls showing the Inser-
tion Driver unit below, and the Compar-
ator unit above. Both triode and tetrode
Nuvistor tubes are used in the high-
performance operational amplifiers; and
(d) mercury-wetted relay card assem-
blies for store cathode-follower input-
output control and for insertion delay.
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AGC SIGNAL SOURCE

The completion of the pattern recogmtion equlpments was’ scheduled for about the time‘

the range of s1gnal character1st1cs of the latter durmg the fdes1gn penod of the former.

A review of the SPASUR comb-filter design showed it to be composed of eleven narrow=
band intermediate-frequency amplifiers, each driving a group of narrower bandwidth con=
tiguous filters. A total of 161 filters of this type divide the 16-kc bandwidth of each base-
line receiving system into slots only 100 ¢ps wide prior to detection. Although each slot or
comb “tooth” is followed by a detector and further postdetection fil ring, the development
of 161 age networks was considered unnecéssary. Accordingly, age was developed and
applied in each of the eleven precéeding group i-f amplifiers. Each of the eleven age’s thus
developed control the signal level for seven to sixteen filter “teeth.”

As a result of thlS rev1ew, 1t was agreed that eleven emltt" r-followers would be

corresponding individu
spite of this pessimis
tem was to be set to respond\ with an alert s
exceeded 12 db.

A group age selector shown m F1g. 8» was des1gned to select a smgle agc output when

ilter group respons'ble for an alert pulse,
Autom; Data Assembler System (ADDAS). Pro-
¢ ‘_“ lowW one of &l ven such pulses to gate “on a single amplifier,
thus ‘excludmg any of the noise contributions from the other ten age’s. If these gating
pulses are not available, the diode sum ng network included in the group age selector
will always select the largest amplitude signal,

The need for low=drift -rate, d¢, operational amplifiers led to the choice of Philbrick
P-2 solid-state amplifiers, which are chopper-stabilized. An output amplifier provides
a low-impedance source and may beé connected for either signal polarity. Controls include
individual group gain and bias settings as well as selected output gain and bias adjustments.

INPUT AND DELAY LINE
Delay Line Switching

The control of the delay line proper is accomplished by four deeade counters, labeled
BX-l through BX 4, which are drwen by a 5-kc cloek. 'I‘hese counters drive the s1gna.l
funct1onally 1n F1g. 5 The block d1agram of the delay lme control counters 1s shown in
Fig. 9. Each BX counter is driven by a flip-flop, which in turn is driven by the preceding
decade counter, or by the elock (Fig. 10) in the case of BX-1, BX-1, BX-2, BX-3, and
BX-4 are the basm delay line control ¢ounters. BX-1 and BX-2 d1v1de the clock pulse
repetition rate by 100 in order to provide the pulse rate to BX-3 and BX-4, which control
the switching of the signal into the delay line. If the unit was to be a delay line without a
scanning function between signal insertions, BX-1 and BX-2 would not be required, and
the clock could be run at 50 pps. Since the delay line is scanned once in both directions
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Fig. 8 - Group agc selector block diagram

during each insertion time increment, BX-5 and BX=6, and BX-7 and BX=8 are required

to perform the scanning switching funetion. Because each storage element holds the sig=
nal sample for the full time of the delay (2 seconds), the starting point of the scanners
must be rotated at the same rate as the point of signal insertion. This is accomplished

by removing one pulse frotii each 100 to the BX-5 and BX=6 counters and by adding one
pulse to each 100 to the BX-7 and BX-8 counters (see Figs. 9 and 11). This has the effect
of causing the starting point for the scanner counters to advance “clockwise” with respect
to the delay stores one step for each signal insertion period of 20 isecond. The inhibit-

ing of one pulse for each scan by BX-5 and BX-6 is accomplished by setting the inhibit
flip-flop with a pulse from amplifier T} - T3 (the superscript gives the BX number and the
subscript gives the target number on that BX counter). The flip-flop inhibits each 100th
pulse from the clock to BX-5 and BX-6. The delayed pulse T resets the flip-flop in order
to release the inhibit, The delayed T? pulse is gated through to BX-7. This pulse, which
is delayed for a period of 10 us so that the counter will properly count the extra pulse,
causes BX-T to receive one extra count per scan. The net effect is that when the BX-5

and BX-6 counters are logically connected to scan backwards through the delay line stores,
and BX-T and BX-8 are logically connected to scan forward through the delay line stores, -
their starting point advances forward through the stores one step each scan. Details on
this sequencing and the scanner logic are given in the section “Inhibit and/or Insertion
Waveforms.” ‘ ‘

Decade Counters

The wiring schematic of one of the eight counters is shown in Fig. 12. The decade
counter tube V1 is a magnetic beam switching tube of the BX-1000 (6710) type (see Bur-
roughs Beam-X brochures BX-535 and 535A). The counter is made to advance by trigger-
ing the flip-flop consisting of tubes V2 and V3. The plates of the flip-flop.are coupled to
the BX-1000 even and odd grids through cr differentiating networks, thus causing these
BX-1000 grids to be driven alternately by negative pulses. When a particular target is
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conductmg, say T,, and the even grids are driven by the negative pulse from the flip~flop,
T, is cut off and T, then conducts. When the odd grids are then driven by a negative
pulse, T, cuts off and T, conducts. This process continues as long as the flip-flop is
tr1ggered When T, cuts off; T, conducts and the switching tube repeats the ¢y In the
case of operation w1th the delay line; methods of automatically starting and réesetting the
magnetic beam sw1tc?h1ng tubés are neceéssary. The magnetic beam switching tube con-
duct n has to be sta ed by lowermg the voltage on\ the spade voltage assoclated with the

startmg feature is accomphshed by V5 in F1g. 12 » When the power is. apphed to the
BX~1000, no target is conducting; allowmg the cat ode of V5 to be at a low potent 1. V5
conducts and- causes the zero spade (S,)  target

(T ) to conduct. When the target starts conductmg, the cathode of V5 isr !
cut off. A lead from the plate of V5 also couples to the driving flip=flop such that the

flip-flop is set to the correct condition for causing the BX=1000 to advance when the next
mput pulse 1s apphed to the fhp-flop. The tube V4 1s used for resettmg the counters andz

Reset is accomplished y cuttmg V4 off wrth the reset pulse from 'g4 through the cor=
résponding delay MV (Figs. 9 and 11). When V4 cuts off; the BX-1000 is cut off. The
action of V5, described above, restarts the counter at the correct position. In this manner,
the scanners ‘are resynchromzed edch 2 seconds, and the system automatically starts

The wiring schematics of the pulse amplifiers in Fig: 9 are shown in Fig. 13, The
tiubes are normally cut off, and the output 1s an amp11f1ed pulse formed from the loglc net-

! For example, the Tg pulse OCCUrs when tar"et 9 of BX—2
pulses from the other three pulse. amplifiers are formed by the 1
target s1gnal from the umt counter the higher speed co nter) by another s1gn

\ g, 'of example; the 99/101 count pe i
cuttmg off of target 8on BX-I ‘(T‘};) after bemg gated by target 9.
responds to the extra:
are formed in a similar manner.

Diode Logic Matrix and Input Buffers.

The diode logic network and the transistor input buffers for analog signal insertion
into the delay line are shown in Fig. 14. The buffers are NPN transistors whose bases
are connected to the BX counter targets through 47-K resistors. Only one target on each
counter is conducting, and the transistors connected to. these conducting targets are cut
off. The transistor collectors drive the diode logic network, which is set up in the form
of a matrix. As the BX-3 and BX-4 counters advance throug_h their count, the buffers are
connected to the diode matrix such that the outputs of the matrix advance sequentially 00
through 99, as shown in Fig. 14. The outputs of the matrix are normally low (approxi-
mately -6. 8 volts) except at one point which corresponds to the logical “and” of the non-
conducting buffers. ‘This point is high (approximately zero volts) and drives the transistor
(D‘), which energizes the selected delay line relay driver transistor (R;; ), as shown in
F1g 15. When the transistor (R ;.) conducts, the corresponding relay is energized. All
of the relay drive transistor em1t ers are connected to a common line which in turn con-
neets to ground through an inhibif transistor (Inh- -1), which is normally conducting, This
transistor’s base is driven by the inserting transisto:

h-2) such that Inh-1 cuts. off all
the relay drive transistors for 2 milliseconds after a step advance in the delay line control.
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This control pulse comes from the insertion delay MV, which is deseribed later. The
purpoesé of the 2-ms inhibi h-2) e relays is to insure the openmg of the mercury=
wetted relay contacts before the next relay it the control sequence is energized. This
prevents shorting between storage capacitors during the transition period when the delay
Yine advances one step. In the actual constructlon four double-pole relays were mounted
on oné ¢ard, as indicated in Fig. 15 b . The storage cathode=
followers were also mounted four to a umt as shownv i the wiring schematic in Fig. 16
and at the top in Fig. (b). The storage cathode followers use 6111 tubes at the input and
are operated at one-half heater voltage. The input section of éach cathode follower is then
bootstrappedv through the intérconre g ] 68A neon bulbs from the output cathode fol-
lower in order to keep the inpit section in the very low grid current reglon of operation{2).
The grid current of these readout cathode followers. is less than 10 ampetes and, con-
sequently; have negligible effect on the aceuracy of the stored value during the 2-sec
storage period.

SIGNAL INSERTION

The input circuits to the delay line and the delay line ¢ircuits are shown in Fig. 5.
The normal agc 51gna1 is ampl 1ed’ and the mput drlfts are removed by the dc lev ! cor:-.

,erunl,t and the dnal
aphﬁer section shown

mput to the 1nsert1on dr»ver.

The msertfon drlver mterconnectlons w1th the delay hne stores are shown in Fig. 19.

€ lay contacts open.

and the selected store ‘tacts are ‘closed the storage capac1tor 1s charged to a voltage
such that e output of the readout cathode follower is made equal to the input signal to
1ne 1s 2 seconds in length and consmts of 100

of the relays, the inser on delay relay contacts are closed approx1mate1y 6 to 12 m1111-
seconds during the middle portien of the 20-ms period. This insures no contact everlap
due to relay operate time and the contact bridging common to the mercury-wetted contacts
used in the relays. Appendix A gives the analysis of how the various offset voltages and
gain errors of the cathode followers are corrected in the actual signal insertion process,

The insertion driver unit circuit is shown in Fig. 20. A single-pole double-throw
switch is provided for accepting either a positive or a negative signal. The two inputs
are attenuated such that the final inserted signal magmtude is the same regardless of the
1nput polar1ty chosen. A zero ad]ustment is prov1ded at the negatlve 1nput A pos1t1ve
can be made large (greater than 5000) The negatwe feedback loop 1ncludes two 100K
resistors and, external to. points 5 and 8 on Fig. 20, the selected relay, capacitor, and
cathode follower. ‘The junction of the two 100K resmtors connects to the insertion driver
output through two avalanche diodes (1N714) connected back-to-back, These diodes pre-
vent the amplifier from saturating during the switching transition period.. {The pr1nc1p1e
of eperation of the insertion driver is given in Appendix A.) The circuit which provides
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The
Gat

10-pf input §Fid to éathode
pf dutput
grid to ¢athodé capacitors el imi=
Aate Felay switthing pickup and
fedn bulb nodise

6

. Tubé Types:
W1 & V3: 61t
V2 & Va: 6021

Pid Nuribérs refer to those on

SN the Amphensl 57-10540° P1ug
1/2W jE=68A i PiA |
Pl Y AT | . Use

‘ “#1 fnput

s 1O #2 T+g00VDE fnput at ema
#3 42 ihput

~150¥DC input at 6.4ia

43 Prput

FHtTs dinput

R ETRL

#8 | #1 output

2 49 | +150v0C input at O.uma

#10 [ #2 output

#11 | GFound

¥12 | ¥3 Gutput

#13 [ utr. faput

#14 | #i output

#5

Resistors are standard 5% tol=
erancé; capacitors aré plastic
type with léow diél &
absprbtion and high é
résistance. (Capacitors mounted
external to the €.F. ynit,
it o 4 A separate ground. Lead is to be
fan thru the cirGuit. Chassis
to be grounded at one point
only.
i 1 The NE=68A neon bulbs to be
> 14 installed with the polarity
‘ mafk as indicated,
Total power: 7.3 watts.

NE=68A |
L\ | KL

Al E &

B

/2 W

v3 vz va

Fig. 16 - Capacitor stere and cathode-follower
wiring for four-store card
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the t1mmg for controllmg the msertlon delay relay 1s shown m F1g~ '21 and' the 1nsert10n

mh1b1ts the energlzmg of all of the delay ne store
all of the relay contacts to open before the next delay lifie store is connected to the iriser-

tion driver. MV1 then drives MV2 which prov1des a 2-ms delay, thus allowmg the selected
store relay to close before triggering MV3 which then acti 2
tor relay driving cireuit for 6 to 12 milliseconds (Flg. 22) At the end of 20 millis
MV1 is again triggered, and the above is repeated for the next delay line signal insertioi.

INHIBIT AND/OR INSERTION WAVEFORMS

drlve the 99 and li‘l,scanner dlode loglc‘f' uit 'S are dnven by pulses generated by the
1nh1b1t and/ or msert1on plug m umt of F1g. 23. This unit consists of (a) two Sehmitt
‘y dr1ven by the 5-kc clock pulse generator,

Pl , ; ( Piys s c) a 40-;Ls delayed reset pu se (Tg) from MVi
(F1g. 24) The fhp-ﬂop 1 h1b1ts the 100th clock pulse, thus al' wmg VX-5 and BX 6 to

/’ oy cle, and the 1 1 c unt counters (BX 7 and BX 8) ‘are
uring each Signal insertion périod. A timing waveform

(=8 are buffered
Flg. 26, one

drwmé outputs dr1ves ten loglc dlodes wh1ch form a part of the overall dlode loglc matrix
shown in Fig. 27,

The delay line storage units (Fig. 16) are numbered from double zero (00). through
ninety-nine (99). The 99-count. matrix is arranged so that the beginning of the sean is at
store 49 and decreases numerically through store 00 and stops at store 51. This is shown
in the counting matrix for the 99 CCW in Fig. 27. The 101-count matrix is arranged so
that the beginning of the scan is at store 50 and advances through store 99 and stops at
store 50. The beginning of each succeeding scan is therefore advanced by one store num-
ber. This sequence continues until the starting point of both scanners advance through
each of the 100 storage elements of the delay line, requiring a total of two seconds. When
the starting point of the scanner -operation returns to the 00 store, the scanner counters
are reset to the initial start position, This insures synchronization of the scanner counters
for each two secend period.

The detailed counter timing sequence for the counters is shown in Fig, 28, The loca~
tions of the inhibit pulse, extra inserted pulse, and the one-per-two-second reset pulse
are indicated. The scanner counting matrices shown in Fig. 27 indicate the counter posi-
tions at the start of the first scan after each 2-sec reset,

The output of each of the scanner gating drive circuits shown in Fig. 26 connects to
ten diodes, which are logi r connected to the scanner diode analeg gate circuits shown
in Fig. 27. The scanner gating drive circuits all normally cenduct, except for one in each
tens count and one in each units count counters. When the gating drlve circuits are conduc-
ing, the junction of the diodes in the analog gate is low and the gate is closed (diodes cut
off). The diode logic allows only one analog gate to epen for each count in the counting
sequence of the scan process.
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CLOCKPULSES  (SKC) ,
= 2000pus.

~
.- J
.
°

I 1

HIERRRER

AND-ADD PULSE

2a0ps
100TH_PULSE INHIBITED BY MV

TITITT

_[EXTRA PULSE ADDED BY 40-ps.
: LA CIRCUTT

TTT

MV. 99 COUNT
INHIBIT PERIOD

TO CCW
99=

Tocw I
101=COUNT = PER=SCAN
COUNTERS

Fig, 25 - Inhibit and insert waveforms.
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SIGNAL PROCESSING
Event Detector

Random noise in the agc signal has a degree of symmetry related to the threshold
tolerances of the comparator, -therefore, 2 means of l1m" 1ng some of the nonsatelhte com=

precludes satellite responses of this shéit a duratlon These s1gnals are 1nh1b1ted by the
eveént detector and the T + & c1rcu1t md1cated m F1g 5 A more deta11ed~ mterconnectmg
Joperatmg dlagram 1s shown m F A

S connected to form a Schm1tt type c1rcu1t

When the 51gnal goes above the threshold determmed by the voltage at E6 the amphﬁer
output which was high (+30 volts) now goes low (-30 volts); being limited in either case

by the breakdown of one of the avalanche diodes. The transition from high state to low
state is relatively fast; being on the order of 50 microsecends. The output returns to the
high state when the mput signal goes below threshold: The output of this first d¢ ampli-
fier; which is now a threshold detector, cuts off the 7586 vacuum tube which is shunting
the 1=.f capacitor. When this tube is cut off sufficiently long (0.2 second in this case),

the voltage across the capacitor becomes sufficiently high to tri ger a second threshold
c;l_et oF sitnilar to the one deseribed above. This sécond threshold detector’s output is
ly low (-30 volts) and goes high (+30 volts) when its threshold, as determined by the
voltage at E5, is exceeded. Two single-pole double-throw switches are provided at the
input to this second thireshold detector. For the operation described above, these switches
would be in the internal and fiegative-polarity positions. When used externally, the second
threshold detector can be made to go high from an external event détector, and the polarity
switch accommodates eithér polarity of external input. The output of the second thresh-
old detector (E4) drives a relay circuit (Fig. 19); which provides a switch closure for
external event indication from the Symmetry Recognition System.

Because the delay liné is two seconds in length, a means must be provided to allow
the event-causing signal to advance to the center of the lin¢ before the comparator is
inhibited. If 2 51gnal is shorter than 2 seconds, the event detector output (either external
or internal) will end before the center of the signal reaches the center of the delay line.
By addmg a c1rcu1t wh1ch prov1des an output which pers1sts for one second after the end

described l,a,ter)r A. pair of smgle-pole double-,throw ‘switches is pronded t0, operate the
T+1 from the event detector and/or from the scanner threshold detector. The output of
the T+1 circuit goes to the “AND” circuit indicated in Fig. 5, and shown schematically in
Fig. 31, for use in mh1b1t1ng the scanner output comparator c1rcu1t The T+1 circuit
cons1sts of two RC charging circuits which drive a diode “AND” circuit (see Fig. 30).
When the output of the “AND” circuit goes low (due to the presence of two high inputs to
the T+1 circuit), the Schmitt cireuit provides an output which goes low (from +30 volts to
=70 volts). The proper dc levels at the T+ 1 output are provided by the constant voltage
NE-68A bulbs.

Comparator and Slope Reversal Processing

The scanner output signals, as indicated in Fig. 5, are applied to the two lines desig-
nated D1 and D2 in Fig. 31, The terminating 2-M re51stors for the scanner diode gates
connect to the -150-v supply. These two lines, D1 and D2, are the inputs to the comparator
unit and to the logical “AND” circuit for the scanner threshold detector.

The agc s1gna1 is apph d‘: to» the pomt labeledi
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~ The logical “AND” ¢ircuit causes the griad of the buffer cathode follower to assume
the lowest of the two D1 and D2 input voltages. When this voltage goes above a preset
threshold (determined by the potentiometer the first amplifier output goes high at D6
and the output of the second amplifier goes low at D10, This threshold detector is the
sanie type as that used in the event detector circuit and alse uses the dual de amplifier
cifeuit shown in Fig. 18(b). When D6 is low, the fllp-flop consisting of V1 and V2 is held
in the reset condition (V1 nonconducting). A TZ pulse, which occurs at the start of each
scan of the delay line, is presented to the plate of V1 through a diode gaté. When D6 goes
high, indieating the presence of a signal at the center of the delay lme, the flip-flop will
then be triggered to the set condition (V2 nonconducting) by the next T pulse. When the
V2 plate goes high;, the second output (10) of the threshold detector can théen go low. The
D10 output combines in a logical “AND” circiit with the T+ 1 signal inserted at D4; and
when both are low, the inhibit en the comparator circuit is released A second 1nput to
the grid of V1 called yackscan inhibit is driven by the T3 - T3 pulse which resets the
flip-flop whei the scd 's Feach the ends of the delay line in their scanning opération.
The resetting of the flip-flop causes D10 to be driven high; thus reestablishing the inhibit
oii the comparator. ThlS al WS the comparator to operate upon the scanner output s1gnals

This operatmn is

out ¢ontrol; This m: mizes random ¢on par1son outputs during periods
ial in the delay line ¢ontains a large amount of noise of has not reached

the center of the delay line. The inhibit line to the comparator is differentiated and pro=

v1des a pulse output at D5 Th1s pulse 1s the E1 pulse shown in F1gs. 5, 19; and 32 and

I i the delay lme. Figure 32 is

the schematlc dlagram of th.e dual 150 ~ms multmbrator cireuits for driving the output

rélay circuits.

be balanced and the 1nput to the Schmltt
its lowest value, When this condition exists, tI utput
provided that the comparator inhibit is removed at V6, When V6 conducts the output of
V5 is held low. If a delay line signal is present, V6 would be cut off durmg the secanner
inhibit release period, as just described. Whenever the voltages on lines D1 and D2,
Fig. 31, become equal during this period, the comparator output goes high and remains
high so long as D1 and D2 voltages remain equal. The output of the comparator is clamped
at ground when low,

The output of the comparator goes to a low-pass filter (see Fig, 5 and Point 16 in
Fig. 34) and is then amplified by a gated amplifier. When 2 signal is present in the delay
line, the T+1 signal is formed. This T+ 1 signal drives the buffer cathoede follower at
14, as shown in Fig. 34. The output of the cathode follower allows the gated amphfler
(whlch is one section of a dual dc amplifier, as shown in Fig, 18(b))to ampli
of the filtered comparator output. The normal eutput of the gated amphﬁer is set at a
negative voltage such that the diode connected to its output is kept nonconducting, This
voltage level is set by Z3 when there is no comparator output.
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When there is a comparator output; the output is averaged by the filter and then
amplified. If the comparator eutput persists for a sufficient le ime (the signal in
the delay line is symmetrical), the diode at the output of the gated amplifier conducts and
drives thé input to the analog differentiator. This differentiater uses the second dc ampli-
fier in the dual amplifier unit; I the signal in the delay line is symmetrical, the output of
the gated amplifier will build up smoothly to & maximum and decrease smoothly back to
the zéro le The slope reversal; which takes place at the maximuim output of the gated
amplifier; becomes a relatively large positive=going wavefront at the output of the. d1f—
ferentlator. ThlS waveform 1s coupled to the 1nput of a Schmltt trlgger c1  in the slope

g v : : e o
of the Schm1tt c1rcu1t is dlfferenhated and trlggers a one-shot mult1v1brator V2 The
output of th1s multwﬂarator drlves a buffer mu1t1v1brator (Flg. 19 and Flg. 32), wh1ch in

the T+ 1 mgnal ends and agam reoccurs.

DELAY LINE READOUT

In order to obtain a delayed reproduction of the input sighal se that we can permanently
record the performance of the delay line, a delay line readout ciréuit was provided, as
shown in Fig. 34, The output of the 101 CW scanhier bus drives a buifer cathode fellower
at It. This s1gna1 1s amplified and drives the delay line readout switch 110 in Fig. 34. A
gatmg pulse T1 = T at 13 gates the amphﬁed scanner s1gnal through the sw1tch to a hold-

at the 0. l-nf holdmg capac1tor. The sw1tgh is controlled by one shot mult1v1brator MV2
which provides the sampling duration. MV2 is driven by MV1, MV1 provides the neces-
sary delay for allowing the switch to sample during the ¢enter of the scanner dwell period.

MONITOR

The purpose of the monitor is to allow an overall system check from one central loca-
tion. The monitor panel incorporates a signal simulator, a null voltmeter, and an oscil-
loscope switching network.

Signal Simulator

The signal simulator consists. of a clock motor geared to 4 rpm which gives a basic
15-second period in 360 degrees of revolution. The output shaft is coupled to a 360-degree
potentiometer and a cam. The cam operates a normally open micreswitch causing the
motor to run until the 360-degree cam returns to the rest position, allowing the switch to
open, The microswitch is bridged by two switches: one is a mode switch, the other a
start switch, With the mode switch in the normal position (open), a momentary operation
of the start switch will start the motor, causing the cam and potentiometer to rotate
through 360 degrees. With the mode switch closed, the motor operates continuously.
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The 360-degree potentiometer is center tapped to a bias network prov1d1ng a voltage
of approximately 37 volts. The ends of the potertiometer are held at gr tial.
The wiper in rotating through 360 degrees and passes from zéro potenti
i seconds, thus providing a triangular waveform: The wiper output is
fed into a 81x-pos1t10n switeh, which contains a series of Zener reference and biasing
diodes {see Fig. 37): .The breakdef n values of the referénce diodes were chosen to pro=
vide the proper signal time base. The original triangular waveform is modified by pre-
serving that which exceeded a preset dc level. The removal of the de offsét is accom-
phshed through a cathode follower biased to provide zero output. The net effect is a group
of six signals of increasing duration and amplitude, each simulating a class of satellite
résponses.

Null Voltmeter

The system requires seven different voltages: =300, <150, <50, -6.8, +18, +100, and
+#150 volts. Since the unit contains several de amplifiers, the veltage values are cr1t1cal
and must be Kept within ones=half of ene percent for proper operation. A passive null
balance meter was chcsen (see Flg. 38) The meter was de51gned for two reference levels,‘

+150 and - 1570 volt supphes. It was feund that a vanatlon of up to 115 percent in elther of
the two supplies did not measurably affect the level of the réespective reference voltage.
A zero ¢enter 100-0-100 microanmperé méter movement was insefted between the refer-
ence voltage and its respective com ison voltage. The positive voltages from the sys=
tem were summed together on a precision resistor voltage divider. Ratios were chosen
80 that each voltage alone would produce exactly 5.6 volts at a tap near the bottom of the
divider. Since each voltage was related to this tapped point by a fiXed constant ratio, a
variation in any voltage by a fixed percentage would produce a standard deflection on the
meter.

This method was also used for the negative voltages. The meter movement was pro-
tected by bridging the movement with two 1N100. germanium diodes, which have a forward
breakdown of 0.2 volt, A variation of 3.5 perceit in any voltage level would correspond
to full-scale deflection of the microammeter.

Oscilloscope Switching

The monitor panel was provided with a 24-position switch to which were connected
taps from several monitoring points in the symmetry recognition cireuitry. Each line
was equalized in order to require the fewest possible oscilloscope settings. The T2 pulse
prov1ded external synchronization for each position. The monitored functions are hsted
in Appendix B.

RESULTS
System Technical Performance

During the period October 30 through November 4, 1961, the installation and checkout
of the Symmetry Recognition II equipment was conducted at San Diego SPASURSTA, The
station personnel were given a brief period of instruction and were provided with a com-
plete set of schematics and block diagrams. Once each day, a SPASURSTA technician
operated the built-in simulator to check the system thresholds. He performed a simple
adjustment if the response patterns on the Sanborn recorder justified a change. Minor
resets of this nature were made after approximately each 200-hour period.
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Shortly after 1000 hours of satisfactory operation, the delay-line=readout circuit per=
formance degraded to the point where the routine cheéck of thresholds could not be ¢on=
tinued. After several phoneé calls and whatever spare time effort that the station personnel
could? apply, a pal tial restoration of the delay line readout was accomphshed The resetting

sholds 'ed, but was hot efxtlrely satlsfactory Following several
further attempts to advise the San Diego personnel by telephione, the recommendatioi to
discontinue operation of the equipmeént was made on February 20; 1962, Excellent coopera=
tion was extended by the Sai Diego SPASURSTA personnel, who devoted considerable spare
time attempting to locate and correct the fault,

‘Systemn Operational Performance

The installation of the Symmetry Recognition H - equipmetit was eompleted ot Novem=
ber 5; 1961. Assuming the adjustments were optimum at this time; a period of 10 hours
was arb1trar11y selected from the Sanborn record for the following day, November 6.
Subsequent review of records received for the succeeding three Weeks displayed a per=
formance level which had niot changed measurably from that on November 6.

Between 06142 and 1617Z on November 6, 53 satellite passes were. verified by
NAVSPASUR, Dahlgren Va. After removing résponses due to calibration signals and
radiating satelhtes the system performance was scored as follows:

Alert Type

A Symimetry Recognition Response to -
verified satellite signal 20

B Symmeétry Recognition Response to ‘
signals not verified as satellites 14

C No Symmetry Recognition Response B
to verified satellite signals 33

D No Syminetry Recognition Response _
to nonsatellite signals 39

TOTAL ALERTS 106

than the call rate represented m Flgs. 2 and 6 1n NRL Report 5665 (Ref 3) It 1s very
disturbing to note that for the 53 verified satellite passes, enly 20 were recognized by the
Symmetry Recognition System I, A further study into. the reasons for this apparently
poor performance revealed the following categories, and the numbers in each:

Alert Type
C-1 Satellites missed by Symmetry because virtually no signal
was apparent in the Sanborn record of the selected age 25
c-2 Satellites missed by Symmetry because short duration
signal was distorted by the comb-filter switching action 7
Cc-3 Satellite missed by Symmetry because of a combination of

rapid-fluctuation (1961 Omicron 14), low-level, and
short-duration of the signal

TOTAL TYPE C ALERTS 33
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A study of the 14 Type B alerts, or so= *called “false alarms, showed‘ strong symmetry in
1 £

wh1chl drsplay enough symmetry to correspond toa satelhte. These must be classmed‘ as
false alarms, and the ten of this variety have béen designated as Type B=2.

thii-re 39 shows exaiiples of the Symmetry H performance under a wide variéty of

ng conditions. Figure 39(a) is a one-millimeter -per-second Sanborn record of a
classmal satellite signal with a duration ]ust under one second and a normal symimetry
response: The selected age, a negative=going signalon line W, is réproduced at the outpit
of the delay line two seéconds lateér on line X, Line ¥ shows the degree of symmetry;

reaching its maximui oné second after the peak of the signalenters the line, as diagrammed

earlier in Fig. 2. Line Z is the differentiation of line Y, helping to define the instant of
slope reversal at the center of the signal; and also énhancing the ability to diseriminate
against nonsatellite signals. The event pens show thie comb-filter alert pulse on both lines
1 and 3; As received from the ADDAS eduipment, an alert must be 0.2 second or longer

to operate these event markers. Line 2 is the E-1 pulse, enabled by the alert and operated
by the thieshold detectors in the delay line. The E-1 pulse signifies that the symmetry
comparison process is induced by the preseénce of some signal in the line. Line 4 is the
PRT-1, the syminetry output decision pulse. Line 5 is the SPASUR time code, permitting
correlatlon with other system records, especially the observations confirmed by NAVSPA-
SUR. This code is also tabulated in Appendix C:

Figure 39(b) is typical of a low=altitude polar orbit. The PRT-1 symmetry response
was given, even though a portion of the signal was omitted by the comb-filter switch delay.
Figure 39(c) is one type of radiating signal. Note that only one PRT-1 is given, near the
center of the signal. Figure 39(d) shows a radiati g satellite continuing for over 2- 1/2
minutes. The PRT-1 responses precede the peak by only 10 seconds, and render only Six
responses.

Figure 40 shows a B-1 type response not reported as a valid observation, but possibly
of satellite origin. Also on Fig. 40 a Type C-1 case is encountered. A broad 10=second
signal does not eéxceed the level of the background noise, and hence eannot be measured
for symmetry. Fxgure 41 shows f1ve further examples of Type C -1 ver1f1ed satelhtes
mcludes a nme-level SPASUR threshold cal: tlon startmg at 136 dbm then 139 dbm,
and thereafter descending 1 db each step. Fig. 41(c) an example of Type C-2 is shawn
wherein number 135 is a strong, but short, s1gnal that was sodistorted as to lose its sym-
metry, theréby preventing a PRT-1 responseé. Also of intérest are two nearly coincident
meteors, both of which were rejected by symmetry. Note the similarity of these delay
line signals with that of satellite 135. Figure 42 is a Type D example of a large meteor
response which was rejected for the lack of symmetry,

CONCLUSIONS

In comparison with the breadboard Symmetry Recognition System reported upon in
NRL Report 5665, the Symmetry Recognition System H technical performance showed
improvements in the signal-to-noise ratio of the delay-line output. The limited availabil-
ity of maintenance effort prevented extensive reliability studies, but an initial run gave
over 1000 hours of service before the first failure occurred, thus forecasting a minimum
of repairs. Serviceability was simplified through the momtor facilities and the inter-
changeable plug-in units. Design improvements reduced the space required from four
standard racks to one cabinet and effected a power reduction from 4.5kw down te J.2kw.
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() Classical satellite signal with
normal symmetry response

Fig. 39 - Examples of satellite detection
using the Symmetry I System
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of low ral tude pol r—orblt satelllte

Fig. 39(continued) - Examples of satellite detection
using the Symmetry II System
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{c) Signature probably due to distant satellite
radiating on 108 Mc and tumbling at about 48 rpm

Fig. 39(continued) - Examples of satellite detection
using the Symmetry 11 System
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(d) Radiating satellite response continuing for over 2-1/2 minutes

Fig. 39(continued) - Examples of satellite detection
' using the Symmetry II System
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Fig. 40 - A broad, low-level (Type C-1):satellite response

(labeled 4) with an agc response below the Symmetry Rec-
ognition W threshold, Immediately following are uncon-
firmed (Type B-1) responses which centinue for over
2-1/2 minutes. The source is probably a satellite radia-
ting on 108 Mc and crossing the SPASUR line at an angle
near the horizon, ‘ )
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(2) Three satellite passes detected by the narrow-band
comb-filter system, Insufficient age response pre-

vented symmetry recognition processing. A fourth
satellite (127) gave nermal responses

Fig. 41 - Examples of Type C-1 and C-2 alert signals
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(b) Low-level response 149 is followed by a nine-level SPASUR
threshold calibration representing -136, -139, -140, -141, -142,

-143, -144, -145, and -146 dbm

Fig. ¢1(continued) - Examples of Type C=1 and C-2 alert signals
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{(c) Satellite response 135 has been distorted by the
narrow-band comb-filter switching so as to appear
as a meteor, causing a rejection by symmetry
recognition i

Fig, 4l(continued) - Examples of
Type C-1 and C-2 alert signals
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Fig. 42 - Typical rejection of a probable méteor
by the Symmetry Recognition System II
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} 005 ‘dbm nd\ large . The equ1pment rehably
classifies each signal according to the threshold limits established by the operator.

Measured 1n terms of its re11ab111ty in 1dent1fymg satéllites by their agc s1gnatures

suppl ing the agc s1gnal have a determ ng effect. The original Symmetry :
equlpment installed at Ft, Stewart, as reported in NRL Report 5665, recognized 31 percent
of all events. Of those events - 'ed symmetrical, 10.8 percent were veérified satellites,
the latter represénting 90 percent of all satellites verified for that period:

The SR II 1nsta11at1en, operatmg w1’ ’wthe narrow-band cemb ﬁlter 1nsta11ation in

Diego. While technical improvements in the &
the SR H performance somewhat at S i Di

the1r re]ectlon Of the 40 pe. nt remammg verlfled satelhtes, only one representmg
5 percent of this group; was not fecognized.

It appears that the current rehance upon the xhlghly sensitive phase mformatlon, the

ment due to the addition ef pattern recogmtlon mformatmn based upen the group-selected
%c.

RECOMMENDATIONS FOR FURTHER
DEVELOPMENTAL EFFORT

Seme consideration should be given to methods of further simplifying and improeving
the techniques employed in the Symmetry Recognition I equipment if additional units are
required. For example, by differentiation of the agc at the input, it appears that many
benefits should occur., The amplitude range of low-frequency analog values presented for
storage in the delay line could be extended, and requirements for a de drift corrector would
undoubtedly be circumvented. A 2:1 increase in time resolution would be necessary in the
delay line to handle the h1gher frequency components which would result, but this is desir-
able for other reasons cited earlier. In operation, the delay line scanners would be
resistor-summed to permit mirror images of the differentiated symmetrical signals to
cancel as a measure of symmetry., All differentiated symmetrical signals would cancel
in this manner as they pass the center of the delay line, whereas an unbalance would be
present at all times, except for occasional transients durmg zero crossings for nonsym-

metrical signals, A further benefit would occur in the processing of square-wave calibrate
pulses, which would produce only two spikes having practically zero symmetry.

Some improvement in the operational performance should be obtained by reverting to
the use of the wide-band age. This would eliminate the C-2 type of missed satellite dis-
tortion caused by the comb-filter switching action, along with an undetermined but small
difference in sensitivity. There appears no reasonable way to ebtain an agc signal with
the full sensitivity and signal-to-noise ratio of the alert system.
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APPENDIX A

CORRECTION OF GAIN ERRORS AND OFFSET VOLTAGES
DURING SIGNAL INSERTION PROCESS

The 1nsert1on drlver used t@ put <the sxgnal mto ‘the Symmetry Recogmtmn System II

In Fig. Ali is :s‘ﬁh'own‘ a ﬁm@txo al -di‘ag»‘famz of the overa;ll er.rer minimm zation métho '.Iihe
switching used to insetrt the sequence of cathode followers has been omitted, and it is
assumed that the switches will be closed long enough so that the de steady state is reached
by the ¢ircuit. This helds in practice because the insertion period is greater than 4 milli=
seconds and the time constant of the charging circuits is approximately 100 microseconds
so that a settling period for 10 time constants is 1 millisecond; From Fig. Al,

,’U‘
HeA

~ACV & BCE_ and'V = (R1+R2> .

Since i
E, =KE, +Ey, then E, =K [BCE, ~ACV] + By or

£ s RBCE, - AR E

This may also be written

, KBCE +Ey  E, +Eb/KBC
T TRAGR, |

Ry+ R, KBC B R.1+R ,

where the symbols have the following meanings:

E, = input signal
E, = output of the amplifier
K = gain of storage cathode follower (K < 1)

E, = bias offset voltage of storage cathode fglower
+A = gain of negative input of amplifier
-B = gain of positive input of amplifier
-C = gain of output section of amplifier
V = input voltage to negative input of amplifier.
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N

KEq +Ep <Ep.

.‘f'gb‘

The expression for E, shows that the bias offset voltage E; is reduced by the factor
1/KBC: By making KBC very large (several thousand in a practical case,or, in the limit,
approaching infinity) then:

E, % (B/A) (1 +Ry/RE,.
In practical operational amplifiers, the gain € i§ made very large (greater than 1000), and
B> A so that '

E % 1+ (Ry/RE,,



APPENDIX B

MONITORING FUNCTIONS SELECTABLE

| Selector
Position*

I ' " A POsitlon;

© 0 T G Ui B W B

e g e
G D) bk

j e ——o i ———

C ‘lock Pulse

Raw agc

| Preamp age
1 99 cew

| Amp age

| 1st threshold | |
| 2nd threshold |
| 2nd threshold|
| Amp age

| Event out
[Tie 3
{18+ 13

104, 119 F2
| 102; 01
| 103,122 1, |
| 100,119 D, | 1
| 06

Loeation

E,D;
DIO 119,5

D10,119,18 |
f,;, 06 ‘
| E,, 00

| By

| 138

| 20| B position |
NG6- k ‘(Bank No.

9 ' Location

|
i a4

i

| Preamp agc

Amp age

| 101 ew
Delay line out |
{99 cew

| 101 ew

| Comp out

| Event out

| /R out

| 7L+ 72

: T%

| T3

| 103,122 8, |
ﬂ 06,H,,C15 |
1 101,119 D, |

oz I,

101,119 D, |

18’ C16

5 122(8)

usf,B,, 108
} 113E
| 113F, F5

| T8 | 114m (re) | -
16  Gnd ! |

~ Aprobe |

BB probe

for miscellaneous servicing
Syne probe -

- Use

| externally
] set scope
_controls

'BX-1
L | BX-3
 BX-5
| BX-7

| BX-2
| BX-4
| BX-6
| BX-8

*There are 24 positions on the selector switch.,
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APPENDIX C

KEY TO RECORDINGS OF SELECTED AGC SIGNALS AND
SYMMETRY RECOGNITION SYSTEM H RESPONSES

Event Marker Pens

Pen 1: Symmetry Recognition I event. This pen may operate from intérnal thresh-
old decision cireuit, or it may be externally ¢ontrolled. The output is designated AGC-3
when delivered to‘ADDAS In all cases presented hére; it was externally controlled by
the alert pulses of 0.2-Sec length or greater, as determined by the ADDAS.

Pen 2: Symmetry Processing Signal, designatéd E-1 to ADDAS, resultmg from delay
line scanner threshold operation being “AND” gated with the A( 3‘ event. Its purpose
is to show ADDAS that a signal is being analyzed in the delay line.

~ Pen3: AGC-3 event pulse as recéived from ADDAS; where it is derived from an
alert pulse which has exceeded 0.2-sec duration.
Pen4: PRT=1 response delivered to ADDAS sigiifying that the signal peak, occurring
one second previously, was symmetrical, having exceeded that value for which the SR=II
is adjusted:

Pen 5: SPASUR time code repeated at 10=-sec intervals, All recordings were taken
at 1 millimeter per second.

A;_najlo_g_‘ Channel Pens

the a.lert 51gnal orlgmated An mcreasmg s1gnal 1s m the negatlve, or downward dlrectmn.

Pen X: Delay Line Qutput, Signals on W are réproduced here two seconds later. The
dc level corrector causes a reference level shift on prolonged signals which restores in
abeut 15 seconds.

Pen Y: Averaged Comparator Output. This trace measures the degree of symmetry
about the delay line center,

Pen Z: Differentiation of the signals appedring on Y provides the slope-reversal sig=

nal employed in defining the center of a symmetrical signal and diseriminating against
many nonsatellite signals not pessessing the rapid slope-reversal,
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